The aim of this study was to assess the potential risk factors and causes of infectious and sterile keratitis after accelerated collagen cross-linking.
Introduction
S ince the advent of collagen cross-linking (CXL) after first published by Wollensak et al., [1] it has become the gold standard in the treatment of keratoconus (KC), given its nature of minimally invasive modality along with safety. Conventionally, the older Dresden's [2] protocol for CXL has been followed for halting the progression of KC. Of late, the newer protocol with higher fluence and shorter duration also called accelerated corneal collagen cross-linking (ACXL) has been equally effective in the treatment of KC. [3, 4] Although CXL is a safe procedure, infectious keratitis as a sight-threatening complication has been reported previously.
Very recently, there had been isolated reports of infectious keratitis even after ACXL. Koller et al. [5] reported the largest case series of nine patients with peripheral sterile corneal infiltrates after conventional CXL. Even though sterile infiltrates following conventional CXL had been reported in the past, the literature on sterile infiltrates following ACXL is limited. After thorough literature review, we could find only one study by Çerman et al. [6] studying sterile infiltrates after ACXL protocol. The paucity of literature for this visually impairing complication and its noninfectious etiology following accelerated protocol prompted us to report this study.
In this study, we report a case series of infectious and sterile infiltrates after ACXL performed in our center over a period of 4 years.
Methods
Case records of 968 eyes that underwent ACXL (Avedro KXL ® system, Waltham, MA, USA) for progressive KC over a period of 4 years (September 2013 to September 2017) at a tertiary eye care hospital in South India were analyzed retrospectively. Of these, 32 cases underwent INTACS + ACXL so as to improve the overall quality of vision along with strengthening procedure. Data collected included patient's age, sex, ocular medical and surgical history, Pentacam (Oculus Optikgeräte GmbH, Wetzlar, Germany), visual acuity before and after surgery, and complications. The study protocol adhered to the tenets of the Declaration of Helsinki. The study was approved by the institutional review board.
Surgical procedure
Iso-osmolar ACXL was performed for cases with thinnest pachymetry of >400 μm, whereas hypo-osmolar ACXL was performed for cases with thinnest pachymetry <400 μm. ACXL (Avedro KXL ® system, Waltham, MA, USA) was performed under topical anesthesia 0.5% proparacaine HCl (Aurocaine, Aurolab, Tamil Nadu, India). The corneal epithelium was debrided manually using a 15 number blade in the central 8-9 mm zone. Riboflavin phosphate (0.1%; 10 mg of riboflavin-5-phosphate in 10 mL of dextran-T-500, 20% solution for iso-osmolar cases and 0.1% riboflavin in 0.9% saline instead of dextran for hypo-osmolar cases) was used for the procedure. After soaking time of 10 min with riboflavin, irradiation of 5.4 J/cm 2 ( 9 mW/cm 2 for 10 min was delivered) by ultraviolet A (UV-A) exposure (365-nm wavelength), from a distance of 5 cm. Following the procedure, a bandage contact lens (BCL) (O2 Optix contact lenses; Alcon, TX, USA) was placed and removed on the 4 th postoperative day after the epithelium healed. Postoperatively, patients were given topical moxifloxacin hydrochloride 0.5% (Vigamox; Alcon, TX, USA) 4 times per day for 1 week. A low-potency topical steroid fluorometholone 0.1% 3 times per day (Allergan India Pvt. Ltd, Bengaluru, Karnataka, India) was administered after the epithelium healed and tapered over the next 3 weeks. All the cases were followed up at day 1, day 4, 1 month, 3 months, and 6 months. If there was any suspicion of keratitis, corneal scraping was done and the sample along with BCL was sent for microbiological examination (Gram stain and 10% KOH fresh mount), culture sensitivity testing (blood agar, Sabouraud dextrose agar, and nonnutrient agar with Escherichia coli overlay), and antibiotic sensitivity testing.
Results
A total of 10 cases presented as postoperative keratitis after ACXL procedure. The baseline characteristics of these cases are shown in Table 1 . Of the total, 3 cases were infectious keratitis revealing culture-positive Staphylococcus aureus. The minimum infiltrate size was 3 mm × 3 mm in the first case [ Figure 1 ] and the maximum infiltrate size was 6 mm × 6 mm in the third case. Both these cases had hypopyon. The first case was treated with combination There were seven cases of sterile infiltrates of which one was after INTACS + ACXL. All seven cases were culture negative with no evidence of infectious etiology. Even though moxifloxacin was started empirically at the slightest suspicion of keratitis in all cases, it was stopped in these seven cases after initial culture report and patients were started only on topical steroids 0.1% prednisolone acetate eye drops (Pred Forte; Allergan, Irvine, CA, USA) hourly for first few days and then tapered gradually over 3-4 weeks depending on the response. Two patients with sterile infiltrates were operated on 1 day, while three others were operated on another day; 1 week apart with the same batch of riboflavin used, indicating a possible risk of contamination. The riboflavin sample was sent for culture and turned out to be negative for any infectious etiology. The concerned batch was replaced with fresh one and the company was informed. The six eyes with sterile infiltrates had a common presentation of mid-peripheral infiltrate occurring at the junction of epithelized and de-epithelized cornea on the 4 th postoperative day, with no extension toward the center of the cornea [Figures 4-7 ]. The minimum infiltrate size was 1 mm × 1 mm and the maximum infiltrate size was 4 mm × 1 mm in the mid-peripheral region. One of these cases presented with peripheral infiltrate with marked skin rash and pustular lesions over the face [ Figure 7c ]. The seventh patient with INTACS + ACXL was normal on day 1 and presented with two focal infiltrates one at the junction of epithelized and de-epithelized cornea and other in the central area [ Figure 8 ]. This infiltrate was again culture negative and responded well to regiment of topical steroids alone. The clinical features of lesions of each individual are shown in Table 2 .
Discussion
Postoperative keratitis following CXL is a dreadful sight-threatening complication. A lot of literature published previously had reported infectious keratitis after CXL, but very few information is available about complication after ACXL. Previous study by Kymionis et al. [7] described a patient who developed epithelial herpetic keratitis and iritis after CXL treatment. Zamora et al. reported culture-proven polymicrobial keratitis 3 days following CXL. [8] In our case series, we have reported not only cases of infectious keratitis (3 cases) after ACXL but also incidences of sterile infiltrates (7 cases) after ACXL.
As shown in Figure 1 , the Kodavoor et al. [9] had already reported the first case of microbial keratitis after ACXL, where a 15-year-old male presented with a central deep stromal infiltrate and hypopyon on the 3 rd day after the procedure. Complete resolution was noted at the end of 4 weeks with final BCVA of 6/12 at the end of 6 months of follow-up. The three cases of infectious keratitis in our series were culture positive for S. aureus; one of the probable explanation is that Staphylococcus spp. essentially being a part of normal microbial flora of ocular surface. [10] In the past, other reported organisms were Pseudomonas aeruginosa by Sharma et al., [11] E. coli by Pollhammer and Cursiefen, [12] and Microsporidia by Gautam et al. [13] Shetty et al. in 2014 reported the case series of post-CXL microbial keratitis wherein four cases of moxifloxacin-resistant S. aureus strain were found. [14] All the cases were finally treated with fortified antibiotics, given the resistance of organism to fourth-generation FQs. In our series too, of the three cases, two cases of infectious keratitis were found to be resistant to fourth-generation FQs and responded well to fortified 5% cefazolin. Resistance to FQs could be explained due to rampant and irrational use of FQs in our country as an initial empirical treatment for any infectious keratitis, irrespective of its etiology. Maharana et al. [15] very recently reported seven cases of microbial keratitis after ACXL, three of which had mixed bacterial and fungal keratitis, two of which had infection with S. aureus, and coagulase-negative staphylococci and Alternaria spp. in one case each. They too reported resistance to fourth-generation FQs and patients were treated with fortified cefazolin and tobramycin. One hypothesis is that high power of UV-A radiation used in ACXL can induce mutations and increased drug resistance in Staphylococcus spp. The presence of associated vernal keratoconjunctivitis (VKC) was noted in 57.1% in this case series involving pediatric KC, hypothesizing that young age is itself a risk factor for post-CXL infection in developing countries where hygiene and environmental factors are of significant concern. [15] Furthermore, there is increased risk of postoperative keratitis due to chronic use of topical steroids in VKC cases presenting with KC later due to alteration in ocular flora. [16] However, in our case series, we found association of VKC in both infectious (two cases) and sterile keratitis (two cases).
We reported seven cases of sterile infiltrates of which one underwent INTACS + ACXL. All the cases presented with peripheral infiltrate on the 4 th postoperative day. Gram stain and culture were negative in all seven cases, and they had excellent resolution over 3-4 weeks with topical steroid regiment alone. This could be probably due to the immunological and sterile nature of such a response pattern in the cornea after ACXL. After thorough literature review, we could not find any study that highlighted risk factors for the development of this sterile keratitis. One of the hypothesis is suggestive of antigenic alterations occurring in the native proteins after CXL, leading to patients recognizing the proteins as nonself and mounting an immune response. [17] The other hypothesis states that staphylococcal antigen deposition in areas of static tear pooling beneath the BCL can elicit a sterile immune response due to enhanced cell-mediated immunity. [18] Furthermore, one of the common findings in our case series of sterile keratitis was that the thinnest pachymetry was <400 μm except in one case with INTACS + ACXL where pachymetry was 432 μm. In addition, two cases of sterile keratitis had maximum keratometry >58 D. Lam et al. [19] concluded that individuals with thinner corneas and higher corneal curvatures appear to be at higher risk of developing a sterile infiltrate. A prospective study looking specifically at the complications of CXL found that no parameter was predictive for developing sterile infiltrates. [5] 
Conclusion
Our study had certain limitations, being retrospective. It is probably the first largest reported case series of infectious and sterile keratitis combined after ACXL.
Multiple risk factors such as a large epithelial defect and use of steroid in the immediate postoperative period may predispose the cornea to infectious keratitis in the postoperative period. In addition, a tailored approach of treating with fortified antibiotics rather than with FQs may help in early resolution of the infection. Despite developing sterile infiltrates, the prognosis for these patients is good. More number of prospective studies pertaining to complications of ACXL would throw light on mechanism of sterile infiltrates. We recommend that a very high index of suspicion should be maintained, especially when treating patients with thinner corneas and very steeper corneal curvatures.
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